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Microparticles and crystal 
microstructure in polar ice sheets
Using Cryo-Raman Microscopy
The pollution input in polar ice sheets in Greenland and Antarctica is of atmospheric aeolian origin, just as all natural 
non-ice impurities. Aerosols found in ice are transported with atmospheric circulation and wind patterns and are 
deposited e.g. with precipitating snow. The impurity content in this so-called meteoric ice is relatively low compared to 
many other natural materials such as rocks (ppb to ppm range), because most aerosols in the atmosphere have been 
removed by fall-out or precipitation during transport from the impurities’ sources to the remote ice sheet.
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Fig.:	 Crystal	microstructure	(grain	orientation	and	size) 	in	the	EDML	polar	ice	core	(depth	
in	m:	A) 	2370.4,	B)	2370.9,	C) 	2391.2)	(3)
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Fig.:	 From	left	to	right:	visual	stratigraphy,	Dielectric	profiling	&	melt	water	conductivity,	non-ice	constituents	(Ammonium,	Dust,	
Calcium),	and	c-axis	orientations	as	maps	and	as	stereographic	projections.	(4)
Non-ice constituents in polar ice cores have been studied in the last decades mainly for 
reconstructions of past atmospheric aerosol concentrations, in relation to issues that address 
global climate change. Despite the tiny concentrations, the interactions with and effects of 
impurities in the solid ice influence the physical properties of the as a whole: e.g. electric as 
well as dielectric response and, in particular, mechanical behaviour thus “softness” of the 
material seems to be strongly controlled by impurities. Smaller concentrations of impurities 
(up to a few ‰) do soften the material as a whole, while larger concentrations of particles 
harden it, depending on the type of impurities. The underlying processes are partly 
hypothesised for decades, but not yet proven or understood satisfactorily as the quest for ppb 
to ppm concentrations in solid matrix material is a search for a “needle in a haystack”.
We used µ-cryo-Raman spectroscopy to identify 
location, phase and composition of µm-sized 
inclusions in natural ice. The combination of 
Raman results with ice-microstructure 
measurements and impurity data allows for an 
approach interconnecting ice core chemistry and 
ice core physics. 
Fig.:	 Relative	concentrations	of	identif ied	
species.	While	 in	the	interglacial	samples	sulfate
salts	form	96%	of	the	micro-inclusions,	in	the	
glacial	 ice	 mineral	dust	is	most	prevalent.	(3)
